A major challenge in quantum optics and quantum information technology is to enhance the interaction between single photons and single quantum emitters.
A common requirement for all these implementations is highly engineered cavities, in some cases requiring nanometer scale accuracy (9) . Surprisingly, multiple scattering of photons in disordered dielectric structures offers an alternative route to light confinement. If the scattering is very pronounced, Anderson-localized modes form spontaneously. Anderson localization (10) is a multiple scattering wave phenomenon that has been observed for, e.g., light (11) , acoustic waves (12) , and atomic Bose-Einstein condensates (13) . We demonstrate cavity QED with Anderson-localized modes by efficiently coupling a single quantum dot (QD) to a disorder-induced cavity mode (14) in a photonic crystal waveguide.
Photonic crystals are composite nanostructures where a periodic modulation of the refractive index forms a photonic band gap of frequencies where light propagation is fully suppressed. By deliberately introducing a missing row of holes in a twodimensional photonic crystal membrane, the periodicity is broken locally and light is guided (Fig. 1A) . Such photonic crystal waveguides are strongly dispersive, i.e. light propagation depends sensitively on the optical frequency and can be slowed down.
Engineering the photonic crystal waveguide enables enhancing light-matter interaction, which is required for high-efficiency single-photon sources (15) for quantum information technology (1, 16) . In the slow-light regime of photonic crystal waveguides, light propagation is very sensitive to unavoidable structural imperfections (17, 18) and multiple scattering events randomize propagation (19) . As opposed to the common belief that multiple scattering is a nuisance for a device leading to losses, here the influence of wave interference in multiple scattering stops light propagation and forms strongly confined Anderson-localized modes (10) (Fig. 1B) . Anderson-localized modes in a photonic crystal waveguide appear due to the primarily one-dimensional nature of the propagation of light provided that the localization length is shorter than the length of the waveguide (20) .
We deliberately create Anderson-localized modes by fabricating photonic crystal waveguides with a lithographically controlled amount of disorder (Fig. 1B) . The hole positions in three rows above and below the waveguide are randomly perturbed with a standard deviation varying between 0 and 6% of the lattice parameter. The Andersonlocalized modes are investigated by recording QD photoluminescence spectra under Pumping the sample at low excitation power allows resolving single QD lines, thereby entering the realm of cavity QED. Figure 3A shows an example of a photoluminescence spectrum displaying single QD peaks and Anderson-localized cavities. QDs and cavity peaks can be easily distinguished from their different temperature dependences (Fig. 3B ) that also enable the spectral tuning of single QDs . 3A ).
determining the localization length of Anderson-localized modes. It is predicted that the localization length can be reduced below the wavelength of light and it was even suggested that no fundamental lower boundary exists (24) . Consequently, engineered disorder might pave a way to sub-wavelength confinement of light in dielectric structures. Figure 4B shows that Purcell enhancement is observed mainly within the cavity linewidth, which is opposed to the surprisingly far-reaching coupling reported for standard photonic crystal cavities under non-resonant excitation (7). Consequently, the extracted QD decay rates are sensitive probes of the local photonic environment of disordered photonic crystal waveguides. Photon emission in disordered photonic structures was predicted to lead to a new class of infinite-range correlations manifested as fluctuations in the decay rate of embedded emitters (25) . Thus, the Purcell enhancement stems from the local enhancement of the photonic density of states in the Anderson-localized regime that promotes spontaneous emission of photons.
QDs detuned from Anderson-localized cavities may couple to the slowly propagating mode of the photonic crystal waveguide. In this case, the QD decay rate is expected to scale proportional to the group velocity slow-down factor n g (26) . This behaviour is observed for three different QDs at large detunings Δ from the dominating Anderson-localized cavity mode (Fig. 4C) , i.e. here the radiative coupling is well described by the local photonic density of states of the unperturbed photonic crystal waveguide. This interesting co-existence of ordered and disordered properties is due to the fact that relatively few periods of the photonic crystal lattice are required to build up the local environment determining the QD decay rate. Thus, the length scale on which the local photonic density of states builds up is mostly shorter than the localization length, which is the reason for the success of photonic crystals despite ubiquitous disorder for, e.g., nanocavities (9), single-photon sources (15) , or spontaneous emission control (27) .
Our experiments demonstrate that disorder is an efficient resource for confining light in nanophotonic structures opening a new avenue to all-solid-state cavity QED exploiting disorder as a resource rather than a nuisance. Exploring disorder to enhance light-matter interaction and establishing the ultimate boundaries for this new technology provide exciting research challenges for the future, of relevance not only to QED but also to other research fields relying on enhanced light-matter interaction, such as energy harvesting or bio-sensing (28) . Coupling several cavities is a potential way of scaling cavity QED for quantum information technology and currently represents one of the major challenges for engineered nanocavities. Controlled disorder might offer an interesting route to coherently couple cavities using so-called necklace states that are naturally occurring coupled Anderson-localized modes (29, 30) . 
Materials and Methods

Fabrication
